The development of synthetic pathways to yield advanced functional materials is an important aspect of materials science. In particular, the ability to control and manipulate the chemical composition and structure of inorganic nanomaterials is highly desirable.
Two synthetic approaches which show great promise for producing the next generation of functional inorganic nanomaterials are i) templating of supramolecular assemblies [1] and ii) ion exchange within nanostructured inorganic solids to manipulate chemical composition. [2] [3] [4] Templating of supramolecular assemblies of surfactants and amphiphilic polymers has already proven to be a powerful technique in synthesizing various inorganic structures. Namely, numerous examples of mesostructured metal oxides (SiO 2 , TiO 2 , WO 3 , etc.) have been synthesized by templating the liquid crystalline phases of amphiphilic polymers and surfactants (i.e. vesicles, 2D and 3D hexagonal and cubic phases, etc.) with inorganic precursors, resulting in the formation of highly ordered inorganic-organic hybrid materials. [5] [6] [7] [8] [9] [10] Although the templating of supramolecular assemblies has been successful in generating highly ordered mesostructured metal oxides, there are only a few examples of non-oxidic mesostructured inorganic materials. [11] [12] [13] [14] [15] [16] [17] The recent developments of ion exchange within nanoparticles offer a promising approach to generating novel nanostructured inorganic materials with unique chemical compositions. Konenkamp et al. [2] and Alivisatos et al. [4] have successfully utilized the ion exchange methods to fully transform the chemical composition of simple nanostructured inorganic materials while retaining their shapes. Although the exact mechanism by which the ions exchange while retaining the overall structure is still unclear, this approach combined with templating of supramolecular assemblies can provide a potent technique for obtaining highly ordered inorganic materials with unique structures and chemical compositions. Herein, we describe for the first time, the successful synthesis of highly ordered, mesostructured Cu x S, by combining the templating of the supramolecular assemblies of non-ionic amphiphilic polymer method with the cation exchange method to transform mesostructured cadmium sulfide (CdS) into mesostructured copper sulfides (CuS, Cu 2 S).
Mesostructured CdS has been synthesized previously by direct templating of hexagonal mesophase of oligoethylene oxide oleyl ether (C 18 H 35 (OCH 2 CH 2 ) n -OH, n~10, Brij 97) in H 2 O. [12, 18] Precipitation of CdS in the presence of self-assembled Brij 97 resulted in the formation of 2-dimensional hexagonally structured, inorganic-organic hybrid material that retained the long-range order of the original self-assembled amphiphilic polymer. The inorganic portion of these hybrid materials consisted of aggregates of CdS nanocrystals that are suitable for cation exchange with other mono and divalent metal ions. Cu 2+ ion was chosen to replace Cd 2+ ions in the CdS hybrid structure, since the formation of Cu x S is thermodynamically favorable (∆G f < 0) and highly ordered mesostructured Cu x S has not been successfully synthesized by supramolecular templating method alone. Furthermore, nanoparticles of Cu x S have shown to possess interesting optical properties, [3] therefore, successful synthesis of . X-ray fluorescence (XRF) measurements along with X-ray absorption spectroscopy (XAS) were also performed on mesostructured Cu x S that corroborated the EDS results. [19] The initial indication of successful cation exchange of Cu 2+ for Cd 2+ ions in the mesostructured Cu x S shows a broad band with λ max at 375 nm, which, according to previously published results, [20, 21] is indicative of Cu 2 S nanoparticle formation. It is interesting to note that we specifically observed an absorption band for Cu 2 S, when in fact Cu 2+ ions were added to the mesostructured CdS. It is well known that aqueous formation of copper sulfides is complex and can produce both CuS and Cu 2 S depending on the reaction conditions. [22] [23] [24] Therefore, it may be possible that we have a mixture of both Cu 2 S and CuS nanoparticles, which we are currently investigating. The breadth of the peak at 375 nm can be attributed to the polydispersity of the Cu x S nanocrystals within the mesostructures. Experimental Synthesis of mesostructured CdS Mesostructured cadmium sulfide was synthesized according to procedures detailed in published literature. [18] Typically, liquefied Brij 97 was added to a scintillation vial along with 0.50 ml of 0.1M Cd(NO 3 ) 2 . The capped vial was then heated to 90 ºC and shaken to yield a homogeneous mixture. Subsequently, the homogeneous mixture was allowed to cool to room temperature which resulted in formation of a clear gel. The uncapped scintillation vial was then transferred to an Erlenmeyer flask with inlet and outlet ports. The precipitation of mesostructured CdS was initiated by flowing hydrated H 2 S gas to the Erlenmeyer flask containing the scintillation vial for 30 min. The resulting mesostructured CdS gel was rinsed excessively in 50/50 vol % solution of diethyl ether/ethanol and dispersed by sonication. The final product was recovered through centrifugation.
Synthesis of mesostructured Cu x S
The cation exchange process of mesostructured CdS to Cu x S was initiated by adding dropwise aqueous copper sulfate solution (270mM) to a dispersion of mesostructured CdS in ethanolic solution (50mg CdS/Brij 97 in 10mL ethanol, 27mM) over a period of 5 minutes. The mixture was allowed to react and age at room temperature for a minimum of 3 hours. The resulting product was rinsed several times with ethanol/water mixture and recovered by centrifugation yielding a black/brown powder. 
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